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N- OXIDES OF HETEROCYCLIC ESTERS , AMIDES , THIOESTERS , 
AND KETONES 

BACKGROUND OF THE INVENTION 

1 . Field of Invention 

This invention relates to neurotrophic low 

molecular weight, small molecule N-oxides of 
heterocyclic esters having an affinity for FKBP-type 
immunophilins, and their use as inhibitors of the 
enzyme activity associated with immunophilin proteins, 
particularly pept idyl -prolyl isomerase, or rotamase, 
enzyme activity. 

2 . Description of Related Art 

The term immunophilin refers to a number of 
proteins that serve as receptors for the principal 
immunosuppressant drugs, cyclosporin A (CsA) , FK506 
and rapamycin. Known classes of immunophilins are 
cyclophilins and FK506 binding proteins, or FKBPs. 
Cyclosporin A binds to cyclophilin A while FK50S and 
rapamycin bind to FKBP12 . These immunophilin -drug 
complexes interface with various intracellular signal 
transduction systems, especially the immune and 
nervous systems. 

Immunophilins are known to have pept idyl -prolyl 
isomerase (PPIase) , or rotamase, enzyme activity. It 
has been determined that rotamase enzyme activity 
plays a role in the catalyzation of the 
interconversion of the cis and trans isomers of 
peptide and protein substrates for the immunophilin 
proteins . 

Immunophilins were originally discovered and 



studied in the immune tissue. It was initially 
postulated by those skilled in the art that inhibition 
of the immunophilins' rotamase activity leads to 
inhibition of T-cell proliferation, thereby causing 
the immunosuppressive activity exhibited by 
immunosuppressant drugs, such as cyclosporin A, FK506 
and rapamycin. Further study has shown that the 
inhibition of rotamase activity, in and of itself, 
does not result in immunosuppressive activity. 
Schreiber et al . , Science, 1990, vol. 250, pp. 556- 
559. Instead, immunosuppression appears to stem from 
the formulation of a complex of immunosuppressant 
drugs and immunophilins . It has been shown that the 
immunophilin-drug complexes interact with ternary 
protein targets as their mode of action. Schreiber et 
al.. Cell, 1991, vol. 66, pp. 807-815. In the case of 
FKBP-FK506 and cyclophilin-CsA, the immunophilin-drug 
complexes bind to the enzyme calcineurin and inhibit 
the T-cell receptor signalling which leads to T-cell 
proliferation. Similarly, the immunophilin-drug 
complex of FKBP-rapamycin interacts with the 
RAFT1/FRAP protein and inhibits the IL-2 receptor 
signalling. 

Immunophilins have been found to be present at 
high concentrations in the central nervous system. 
Immunophilins are enriched 10-50 times more in the 
central nervous system than in the immune system. 
Within neural tissues, immunophilins appear to 
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influence nitric oxide synthesis, neurotransmitter 
release and neuronal process extension. 

It has been found that picomolar concentrations 
of an immunosuppressant such as FK506 and rapamycin 
5 stimulate neurite outgrowth in PC12 cells and sensory 

neurons, namely dorsal root ganglion cells (DRGs) . 
Lyons et al . , Proc. of Natl. Acad. Sex., 1994 , vol. 
91, pp. 3191-3195. In whole animal experiments, FK506 
.has been shown to stimulate nerve regeneration 

10 following facial nerve injury. 

Surprisingly, it has been found that certain 
compounds with a high affinity for FKBPs are potent 
rotamase inhibitors and exhibit excellent neurotrophic 
effects. Furthermore, these rotamase inhibitors are 

15 devoid of immunosuppressive activity. These findings 

suggest the use of rotamase inhibitors in treating 
various peripheral neuropathies and enhancing neuronal 
regrowth in the central nervous system (CNS) . Studies 
have demonstrated that neurodegenerative disorders 

20 such as Alzheimer's disease, Parkinson's disease, and 

amyotrophic lateral sclerosis (ALS) may occur due to 
the loss, or decreased availability, of a neurotrophic 
substance specific for a particular population of 
neurons affected in the disorder. 

25 Several neurotrophic factors affecting specific 

neuronal populations in the central nervous system 
have been identified. For example, it has been 
hypothesized that Alzheimer's disease results from a 
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decrease or loss of nerve growth factor (NGF) . It has 
thus been proposed to treat Senile Dementia 
Alzheimer's Type (SDAT) patients with exogenous nerve 
growth factor or other neurotrophic proteins, such as 
5 brain derived growth factor, glial derived growth 

factor, ciliary neurotrophic factor and neurotropin-3 , 
to increase the survival of degenerating neuronal 
populations. 

Clinical application of these proteins in various 

10 neurological disease states is hampered by 

difficulties in the delivery and bioavailability of 
large proteins to nervous system targets. By 
contrast, immunosuppressant drugs with neurotrophic 
activity are relatively small and display excellent 

15 bioavailability and specificity. However, when 

administered chronically, immunosuppressant drugs 
exhibit a number of potentially serious side effects 
including nephrotoxicity, such as impairment of 
glomerular filtration and irreversible interstitial 

20 fibrosis (Kopp et al . , J. Am. Soc. Nephrol., 1991, 

1:162); neurological deficits, such as. involuntary 
tremors, or non-specific cerebral angina, such as non- 
localized headaches (De Groen et al . , N. Engl. J. 
Med., 1987, 317:861); and vascular hypertension with 

25 complications resulting therefrom (Kahan et al . , N. 

Engl. J. Med., 1989, 321:1725). 

In order to prevent the side effects associated 
with use of the immunosuppressant compounds, the 
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present invention provides non- immunosuppressive 
compounds containing small molecule FKBP rotamase 
inhibitors for enhancing neurite outgrowth, and 
promoting neuronal growth and regeneration in various 
5 neuropathological situations where neuronal repair can 

be facilitated, including: peripheral nerve damage 
caused by physical injury or disease state such as 
diabetes; physical damage to the central nervous 
system (spinal cord and brain); brain damage 
10 associated with stroke; and neurological disorders 

relating to neurodegeneration, such as Parkinson' s 
disease, SDAT (Alzheimer's disease), and amyotrophic 
lateral sclerosis . 

15 SUMMARY OF THE INVENTION 

The present invention relates to neurotrophic low 
molecular weight, small molecule compounds having an 
affinity for FKBP-type immunophilins . Once bound to 
these proteins, the neurotrophic compounds are potent 

20 inhibitors of the enzyme activity associated with 

immunophilin proteins, particularly pept idyl -prolyl 
isomerase, or rotamase, enzyme activity. A key 
feature of the compounds of the present invention is 
that they do not exert any significant 

25 immunosuppressive activity in addition to their 

neurotrophic activity. Another significant feature is 
the novel addition of the oxidation of specific amine 
groups to the corresponding N-oxide to provide an 



unexpected increase in bioavailability and potency as 
compared to compounds lacking the N-oxide group. 

Specifically, the present invention relates to a 
compound of formula I : 



B 




R 

I 



or a pharmaceutical^ acceptable salt thereof,, 
wherein: 

A and B are taken together, with the nitrogen and 
carbon atoms to which they are respectively attached, 
to form a 5-7 membered saturated or unsaturated 
heterocyclic ring containing any combination of CH 2 , 0, 
S, SO, S0 2 , NH or NR 1 in any chemically stable 
oxidation state; 

W is 0, S, CH 2/ or H 2 ; 

R is a C^-Cg straight or branched chain alkyl or 
alkenyl group optionally substituted with C 3 -C 8 
cycloalkyl, C 3 or C 5 cycloalkyl, C 5 -C 7 cycloalkenyl , or 
Ar r , where said alkyl, alkenyl, cycloalkyl, or 
cycloalkenyl groups may be optionally substituted with 
C L -C 4 alkyl, C^-C^ alkenyl, or hydroxy, and where Ar x is 
selected from the group consisting of 1-napthyl, 2- 
napthyl, 1-indolyl, 2-indolyl, 2-furyl, 3-furyl, 2- 



thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 
or phenyl, having one to three substituents which are 
independently selected from the group consisting of 
hyrogen, halo, hydroxyl, nitro, trif luoromethyl , C^-Cg 
straight or branched alkyl or alkenyl, C^-C^ 
alkenyl oxy, phenoxy, benzyloxy, and amino; 
X is 0, NH, NR lf S, CH, CR X , or C{RJ 2 ; 
Y is a direct bond, or a Cl-C 6 straight or 
branched chain alkyl or alkenyl which is optionally 
substituted in one or more positions with C^-Cg 
straight or branched chain alkyl or alkenyl, or C 3 -C 8 
cycloalkyl, or C s -C 7 cycloalkenyl, or hydroxyl, or 
carbonyl oxygen, or with Ar, where said alkyl, 
alkenyl, cycloalkyl, cycloalkenyl, or Ar group is 
optionally substituted with C^C, alkyl, C x -C 4 alkenyl, 
or hydroxy, or carbonyl oxygen, or wherein any of the 
carbon atoms of said alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, or Ar group is optionally replaced with 
0, NH, NR 2/ S, SO, or S0 2 , where R 2 is selected from 
the group consisting of hydrogen, (C^CJ -straight or 
branched chain alkyl, (C 3 -C 4 ) -straight or branched 
chain alkenyl or alkynyl, and (C x -C 4 ) bridging alkyl 
wherein a bridge is formed between the nitrogen and a 
carbon atom of said alkyl or alkenyl chain containing 
said heteroatom to form a ring, wherein said ring is 
optionally fused to an Ar group; and 

Z is an aromatic or tertiary alkyl amine oxidized 
to a corresponding N-oxide, wherein the aromatic amine 
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is Ar oxidized to a corresponding N-oxide where Ar is 
a mono-, bi- or tricyclic, carbo- or heterocyclic 
ring, wherein the ring is either unsubstituted or 
substituted in one to three position (s) with halo, 
hydroxyl, nitro, trif luoromethyl , C^Cs straight or 
branched chain alkyl or alkenyl, Ci-C 4 alkoxy, C x -C 4 
alkenyloxy, phenoxy, benzyloxy, amino, or a 
combination thereof; wherein the individual ring sizes 
are 5-6 members; wherein the heterocyclic ring 
contains 1-6 heteroatom(s) selected from the group 
consisting of 0, N, S, and a combination thereof 
wherein at least one of the heteroatoms is N, and 
wherein the alkyl amine is oxidized to a corresponding 
N-oxide where alkyl is a Cj-C, straight or branched 
chain alkyl or alkenyl which is optionally substituted 
in one or more positions with C^-Cg straight or 
branched chain alkyl or alkenyl, or C 3 -C 8 cycloalkyl, 
or C 5 _ C 7 cycloalkenyl, or hydroxyl, or carbonyl oxygen, 
or with Ar, where said alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, or Ar group is optionally substituted 
with C x -C, alkyl, C^C, alkenyl, or hydroxy, or carbonyl 
oxygen, or wherein any of the carbon atoms of said 
alkyl, alkenyl, cycloalkyl, cycloalkenyl, or Ar group 
is optionally replaced with 0, NH, NR l# S, SO, or S0 2 ; 
and, 

R x is hydrogen, (C^CJ -straight or branched chain 
alkyl, (C 3 -C 4 ) -straight or branched chain alkenyl or 
alkynyl, or R t is Y-Z, as defined above. 



Another preferred embodiment of this invention is 
a compound of formula II: 



or a pharmaceutical^ acceptable salt thereof, 
wherein: 

E, F, G and H are independently CH 2 , 0, S, SO, 
S0 2 , NH or NR lf - 

W is 0, S, CH 2 , or H 2 ; 

R is a C^-Cg straight or branched chain alkyl or 
alkenyl group optionally substituted with C 3 -C 8 
cycloalkyl, C 3 or C s cycloalkyl, C 5 -C 7 cycloalkenyl , or 
Ar 1# where said alkyl, alkenyl, cycloalkyl, or 
cycloalkenyl groups may be optionally substituted with 
C x -C< alkyl, C^C, alkenyl, or hydroxy, and where Ar r is 
selected from the group consisting of 1-napthyl, 2- 
napthyl, 1-indolyl, 2-indolyl, 2-furyl, 3-furyl, 2- 
thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 
or phenyl, having one to three substituents which are 
independently selected from the group consisting of 
hyrogen, halo, hydroxyl, nitro, trif luoromethyl , C^-Cg 
straight or branched alkyl or alkenyl, (VC, 
alkenyloxy, phenoxy, benzyloxy, and amino; 
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X is 0, NH, NR X , S, CH, CR X , or CfR^; 
Y is a direct bond, or a Cl-C 6 straight or 
branched chain alkyl or alkenyl which is optionally 
substituted in one or more positions with C x -C 6 
5 straight or branched chain alkyl or alkenyl, or C 3 -C 8 

cycloalkyl, or C 5 -C 7 cycloalkenyl, or hydroxyl, or 
carbonyl oxygen, or with Ar, where said alkyl, 
alkenyl, cycloalkyl, cycloalkenyl , or Ar group is 
.optionally substituted with C^C* alkyl, C x -C 4 alkenyl, 

10 or hydroxy, or carbonyl oxygen, or wherein any of the 

carbon atoms of said alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, or Ar group is optionally replaced with 
0, NH, NR 2 , S, SO, or S0 2 , where R 2 is selected from 
the group consisting of hydrogen, (C^-CJ -straight or 

15 branched chain alkyl, (C 3 -C 4 ) -straight or branched 

chain alkenyl or alkynyl, and (C^CJ bridging alkyl 
wherein a bridge is formed between the nitrogen and a 
carbon atom of said alkyl or alkenyl chain containing 
said heteroatom to form a ring, wherein said ring is 

2 0 optionally fused to an Ar group; and 

Z is an aromatic or tertiary alkyl amine oxidized 
to a corresponding N-oxide, wherein the aromatic amine 
is Ar oxidized to a corresponding N-oxide where Ar is 
a mono-, bi- or tricyclic, carbo- or heterocyclic 

25 ring, wherein the ring is either unsubstituted or 

substituted in one to three position (s) with halo, 
hydroxyl, nitro, trif luoromethyl , C^-Cg straight or 
branched chain alkyl or alkenyl, C x -C 4 alkoxy, C,-C 4 
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alkenyloxy, phenoxy, benzyl oxy, amino, or a 
combination thereof; wherein the individual ring sizes 
are 5-6 members; wherein the heterocyclic ring 
contains 1-6 heteroatom(s) selected from the group 
consisting of 0, N, s, and a combination thereof 
wherein at least one of the heteroatoms is N, and 
wherein the alkyl amine is oxidized to a corresponding 
N-oxide where alkyl is a C.-C, straight or branched 
chain alkyl or alkenyl which is optionally substituted 
in one or more positions with C x -C 6 straight or 
branched chain alkyl or alkenyl, or C 3 -C 8 cycloalkyl, 
or C 5 -C 7 cycloalkenyl , or hydroxyl, or carbonyl oxygen, 
or with Ar, where said alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, or Ar group is optionally substituted 
with C x -C, alkyl, C x -C 4 alkenyl, or hydroxy, or carbonyl 
oxygen, or wherein any of the carbon atoms of said 
alkyl, alkenyl, cycloalkyl, cycloalkenyl, or Ar group 
is optionally replaced with 0, NH, NR X , S, SO, or S0 2 ; 
and, 

Rj. is hydrogen, (C^CJ -straight or branched chain 
alkyl, (C 3 -C 4 ) -straight or branched chain alkenyl or 
alkynyl, or R t is Y-Z, as defined above. 

Another preferred embodiment is a compound of 
formula III: 
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F— G 




R 

III 



or a pharmaceutically acceptable salt . thereof, 
5 wherein: 

E, F, and G are independently CH 2 , 0, S, SO, S0 2/ 
NH or NR X ; 

W is 0, S, CH 2 , or H 2 ; 

R is a Ci-Cg straight or branched chain alkyl or 

10 alkenyl group optionally substituted with C 3 -C 8 

cycloalkyl, C 3 or C 5 cycloalkyl, C 5 -C 7 cycloalkenyl , or 
Ar 1# where said alkyl, alkenyl, cycloalkyl, or 
cycloalkenyl groups may be optionally substituted with 
C^-C^ alkyl, C^-C^ alkenyl, or hydroxy, and where Ar 1 is 

15 selected from the group consisting of 1-napthyl, 2- 

napthyl, 1-indolyl, 2-indolyl, 2-furyl, 3-furyl, 2- 
thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 
or phenyl, having one to three substituents which are 
independently selected from the group consisting of 

20 hyrogen, halo, hydroxyl , nitro, trif luoromethyl , C^Cs 

straight or branched alkyl or alkenyl, C x -C 4 
alkenyloxy, phenoxy, benzyloxy, and amino; 
X is 0, NH, NR l# S, CH, CR W or C(R X ) 2 ; 
Y is a direct bond, or a Cl-C fi straight or 

25 branched chain alkyl or alkenyl which is optionally 
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substituted in one or more positions with C x -C s 
straight or branched chain alkyl or alkenyl, or C 3 -C„ 
cycloalkyl, or C s -C 7 cycloalkenyl , or hydroxyl, or 
carbonyl oxygen, or with Ar, where said alkyl, 

5 alkenyl, cycloalkyl, cycloalkenyl, or Ar group is 

optionally substituted with C x -C t alkyl, d-C, alkenyl, 
or hydroxy, or carbonyl oxygen, or wherein any of the 
carbon atoms of said alkyl, alkenyl, cycloalkyl, 
.cycloalkenyl, or Ar group is optionally replaced with 

0 0, NH, NR 2 , S, SO, or S0 2 , where R 2 is selected from 

the group consisting of hydrogen, (C^CJ - straight or 
branched chain alkyl, (C 3 -C 4 ) -straight or branched 
chain alkenyl or alkynyl, and (C^CJ bridging alkyl 
wherein a bridge is formed between the nitrogen and a 

5 carbon atom of said alkyl or alkenyl chain containing 

said heteroatom to form a ring, wherein said ring is 
optionally fused to an Ar group; and 

Z is an aromatic or tertiary alkyl amine oxidized 
to a corresponding N-oxide, wherein the aromatic amine 

D is Ar oxidized to a corresponding N-oxide where Ar is 

a mono-, bi- or tricyclic, carbo- or heterocyclic 
ring, wherein the ring is either unsubstituted or 
substituted in one to three position (s) with halo, 
hydroxyl, nitro, trif luoromethyl , C^Cg straight or 

5 branched chain alkyl or alkenyl, Ci-C 4 alkoxy, C x -C 4 
alkenyloxy, phenoxy, benzyl oxy, amino, or a 
combination thereof; wherein the individual ring sizes 
are 5-6 members; wherein the heterocyclic ring 



WO 98/37885 PCT/US98/03484 

14 

contains 1-6 heteroatom (s) selected from the group 
consisting of 0, N, S, and a combination thereof 
wherein at least one of the heteroatoms is N, and 
wherein the alkyl amine is oxidized to a corresponding 
5 N-oxide where alkyl is a C^-Cg straight or branched 

chain alkyl or alkenyl which is optionally substituted 
in one or more positions with C^Cg straight or 
branched chain alkyl or alkenyl, or C,-C 8 cycloalkyl, 
pr C s -C 7 cycloalkenyl , or hydroxyl, or carbonyl oxygen, 

10 or with Ar, where said alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, or Ar group is optionally substituted 
with Ci-C^ alkyl, C^C, alkenyl, or hydroxy, or carbonyl 
oxygen, or wherein any of the carbon atoms of said 
alkyl, alkenyl, cycloalkyl, cycloalkenyl, or Ar group 

15 is optionally replaced with 0, NH, NR : , S, SO, or S0 2 ; 

and, 

R x is hydrogen, (C x -C 4 ) -straight or branched chain 
alkyl, (C 3 -C 4 ) -straight or branched chain alkenyl or 
alkynyl, or R x is Y-Z, as defined above. 
20 A further particularly preferred embodiment of 

this invention is a compound of formula IV: 




R 



IV 

25 or a pharmaceutical^ acceptable salt thereof, 
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wherein : 

n is 1, 2 or 3 forming a 5-7 member heterocyclic 

ring; 

W is 0, S, CH 2 , or H 2 ; 

R is a Ci-Cg straight or branched chain alley 1 or 
alkenyl group optionally substituted with C 3 -C 8 
cycloalkyl, C 3 or C s cycloalkyl, C s -C 7 cycloalkenyl , or 
Ar lf where said alkyl, alkenyl, cycloalkyl, or 
cycloalkenyl groups may be optionally substituted with 
Ci-C, alkyl, (VC, alkenyl, or hydroxy, and where Ar, is 
selected from the group consisting of 1-napthyl, 2- 
napthyl, 1-indolyl, 2-indolyl, 2-furyl, 3-furyl, 2- 
thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 
or phenyl, having one to three substituents which are 
independently selected from the group consisting of 
hyrogen, halo, hydroxyl, nitro, trif luoromethyl , C^-Cg 
straight or branched alkyl or alkenyl, C^Q, 
alkenyloxy, phenoxy, benzyloxy, and amino; 

X is 0, NH, NR lf S, CH, CR lf or CfR^; 

Y is a direct bond, or a Cl-C s straight or 
branched chain alkyl or alkenyl which is optionally 
substituted in one or more positions with C^Cg 
straight or branched chain alkyl or alkenyl, or C 3 -C a 
cycloalkyl, or C 5 -C 7 cycloalkenyl, or hydroxyl, or 
carbonyl oxygen, or with Ar, where said alkyl, 
alkenyl, cycloalkyl, cycloalkenyl, or Ar group is 
optionally substituted with C^C, alkyl, C x -C 4 alkenyl, 
or hydroxy, or carbonyl oxygen, or wherein any of the 
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carbon atoms of said alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, or Ar group is optionally replaced with 
0, NH, NR 2 , S, SO, or S0 2/ where R 2 is selected from 
the group consisting of hydrogen, (C^-CJ -straight or 
5 branched chain alkyl, (C 3 -C 4 ) -straight or branched 

chain alkenyl or alkynyl, and (C^CJ bridging alkyl 
wherein a bridge is formed between the nitrogen and a 
carbon atom of said alkyl or alkenyl chain containing 
said heteroatom to form a ring, wherein said ring is 

10 optionally fused to an Ar group; and 

Z is an aromatic or tertiary alkyl amine oxidized 
to a corresponding N-oxide, wherein the aromatic amine 
is Ar oxidized to a corresponding N-oxide where Ar is 
a mono-, bi- or tricyclic, carbo- or heterocyclic 

15 ring, wherein the ring is either unsubstituted or 

substituted in one to three position (s) with halo, 
hydroxyl, nitro, trif luoromethyl, C X ~C 6 straight or 
branched chain alkyl or alkenyl, C x -C 4 alkoxy, C l -C 4 
alkenyloxy, phenoxy, benzyloxy, amino, or a 

20 combination thereof; wherein the individual ring sizes 

are 5-6 members; wherein the heterocyclic ring 
contains 1-6 heteroatom (s) selected from the group 
consisting of O, N, S, and a combination thereof 
wherein at least one of the heteroatoms is N, and 

25 wherein the alkyl amine is oxidized to a corresponding 

N-oxide where alkyl is a C x -C 6 straight or branched 
chain alkyl or alkenyl which is optionally substituted 
in one or more positions with C x -C 6 straight or 
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branched chain alkyl or alkenyl, or C 3 -C 8 cycloalkyl, 
or C s -C 7 cycloalkenyl, or hydroxyl, or carbonyl oxygen, 
or with Ar, where said alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, or Ar group is optionally substituted 
with C x -C 4 alkyl, c x -C 4 alkenyl, or hydroxy, or carbonyl 
oxygen, or wherein any of the carbon atoms of said 
alkyl, alkenyl, cycloalkyl, cycloalkenyl, or Ar group 
is optionally replaced with 0, NH, NR lt S, SO, or S0 2 ; 
and, 

R x is hydrogen, (CVCJ -straight or branched chain 
alkyl, (Cj-C 4 ) -straight or branched chain alkenyl or 
alkynyl, or Rj is Y-Z, as defined above. 

In preferred embodiments, Ar is selected from the 
group consisting of pyrrolidinyl , pyridyl, pyrimidyl, 
pyrazyl, pyridazyl, quinolinyl, and isoquinolinyl . 

Particularly preferred compounds of the present 
i nven t ion i nc 1 ude : 

3- (2-Pyridyl) -1-propyl (2S) -1- (3 , 3 -Dimethyl -1, 2- 
dioxo-pentyl) -2 -pyrrol idinecarboxylate, N-oxide; 

3- (3-Pyridyl) -1-propyl (2S) -1- (3, 3 -Dimethyl - 1 , 2- 
dioxo-pentyl) -2-pyrrolidinecarboxylate, N-oxide; 

3- (4-Pyridyl) -1-propyl (2S) -1- (3, 3-Dimethyl-l, 2- 
dioxo-pentyl) -2-pyrrolidinecarboxylate, N-oxide; 

3 - ( 2 -Quinolyl ) - 1 -propyl ( 2 S ) - 1 - ( 1 , 1 - Dime t hyl - 1 , 2 - 
dioxo-pentyl) -2-pyrrolidinecarboxylate, N-oxide; 

3- (3 -Quinolyl) -1-propyl (2S) -1- (1, 1-Dimethyl-l, 2- 
dioxo-pentyl) -2-pyrrolidinecarboxylate, N-oxide; and 
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3- (4-Quinolyl) -1 -propyl (2S) -1- (1 , 1 -Dimethyl - 1, 2- 
dioxo-pentyl) -2-pyrrolidinecarboxylate, N-oxide . 

The present invention also relates to a 
pharmaceutical composition comprising a 
5 neurotrophically effective amount of the compound of 

formula I, II, III, or IV, and a pharmaceutical ly 
acceptable carrier. 

The present invention further includes methods of 
• using the compounds of the present invention. One 
10 preferred embodiment includes a method of stimulating 

damaged neurons in an animal, comprising: 

administering to the animal a neurotrophically 
effective amount of a compound of the present 
invention. 

15 Another preferred embodiment of the present 

invention includes a method of promoting neuronal 
regeneration in an animal, comprising: 

administering to the animal a neurotrophically 
effective amount of a compound of the present 
2 0 invention. 

Yet another embodiment of the present invention 
includes a method of preventing neurodegeneration in 
an animal, comprising: 

administering to the animal a neurotrophically 
25 effective amount of a compound of the present 

invention. 

Another embodiment includes a method of treating 
neurological disorders in an animal, comprising: 
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administering to the animal a neurotrophical ly 
effective amount of a compound of the present 
invention. 

The neurological disorders for which the 
compounds of the present invention are particularly- 
useful are selected from the group consisting of: 
peripheral neuropathy caused by physical injury or 
disease state, physical damage to the brain, physical 
damage to the spinal cord, stroke associated with 
brain damage, and neurological disorder relating to 
neurodegeneration. Examples of neurological disorders 
relating to neurodegeneration are Alzheimer's Disease, 
Parkinson's Disease, and amyotrophic lateral 
sclerosis . 



BRIEF DESCRIPTION OF THE INVENTION 

Figure 1 is a bar graph showing Protection of 
Striatal TH Innervation Density from MPTP- toxicity by 
Concurrent Drug Dosing. Figure 1 shows that at 
administration of 4 mg/kg of the compounds of the 
present invention there is a remarkable protection of 
striatal nerves from MPTP- toxicity. 

DETAILED DESCRIPTION OF THE INVENTION 
Def initiona 

"Alkyl" means a branched or unbranched saturated 
hydrocarbon chain containing 1 to 6 carbon atoms, such 
as methyl, ethyl, propyl, iso-propyl, butyl, iso- 
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butyl, tert -butyl, n-pentyl, n-hexyl, and the like, 
unless otherwise indicated. 

"Alkoxy" means the group -OR wherein R is alkyl 
as herein defined. Preferably, R is a branched or 
5 unbranched saturated hydrocarbon chain containing 1 to 

3 carbon atoms. 

"Halo" means fluoro, chloro, bromo, or iodo, 
unless otherwise indicated. 

"Phenyl" includes all possible isomeric phenyl 
10 radicals, optionally monosubstituted or multi-substi- 

tuted with substituents selected from the group 
consisting of alkyl, alkoxy, hydroxy, halo, and 
haloalkyl . 

The term "C^-Cg" and similar terminology found in 
15 standard chemical nomenclature, when used for alkyl 

and alkenyl chains, is known in the art to include 
subchains such as C^, C x -C 4 , " C^Cs, C x -C 6 , C 2 -C 4 , C 2 -C s/ 
C 2 -C 6/ C 3 -C 5 , C 3 -C 6 , C 4 -C 6 , and the variants thereof. 

The term "pharmaceutically acceptable salt" 
2 0 refers to salts of the subject compounds which posses 

the desired pharmacological activity and which are 
neither biologically nor otherwise undesirable. The 
salts can be formed with inorganic acids such as 
acetate, adipate, alginate, aspartate, benzoate, 
25 benzenesulfonate, bisulfate butyrate, citrate, 

camphorate , camphorsul f onate , cyclopentanepropionate , 
digluconate , dodecylsulf ate , ethanesulf onate , 
f umarate , glucoheptanoate , glycerophosphate , 
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hemisulfate heptanoate, hexanoate, hydrochloride 
hydrobromide , hydroiodide , 2 -hydroxyethanesul f onate , 
lactate, maleate, methanesul f onate , 2- 
naphthalenesulf onate, nicotinate, oxalate, thiocya- 
5 nate, tosylate and undecanoate. Base salts include 
ammonium salts, alkali metal salts such as sodium and 
potassium salts, alkaline earth metal salts such as 
calcium and magnesium salts, salt with organic bases 
.such as dicyclohexylamine salts, N-methyl-D-glucamine, 
10 and salts with amino acids such as arginine, lysine, 

and so forth. Also, the basic nitrogen- containing 
groups can be quarternized with such agents as lower 
alkyl halides, such as methyl, ethyl, propyl, and 
butyl chloride, bromides and iodides; dialkyl sulfates 
15 like dimethyl, diethyl, dibutyl and diamyl sulfates, 

long chain halides such as decyl, lauryl, myristyl and 
stearyl chlorides, bromides and iodides, aralkyl 
halides like benzyl and phenethyl bromides and others. 
Water or oil-soluble or dispersible products are 
20 thereby obtained. 

The compounds of this invention possess at least 
one asymmetric center and thus can be produced as 
mixtures of stereoisomers or as individual enantiomers 
or diastereomers . The individual stereoisomers may be 
25 obtained by using an optically active starting 

material, by resolving a racemic or non-racemic 
mixture of an intermediate at some appropriate stage 
of the synthesis, or by resolution of the compound of 
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formula (I) . It is understood that the individual 
stereoisomers as well as mixtures (racemic and non- 
racemic) of stereoisomers are encompassed by the scope 
of the present invention. The S-stereoisomer at atom 
5 1 of formula I is most preferred due to its greater 

activity. 

"Isomers" are different compounds that have the 
same molecular formula. 

"Stereoisomers" are isomers that differ only in 
10 the way the atoms are arranged in space. 

"Enantiomers" are a pair of stereoisomers that 
are non-superimposable mirror images of each other. 

"Diastereoisomers" are stereoisomers which are 
not mirror images of each other. 
15 "Racemic mixture" means a mixture containing 

equal parts of individual enantiomers. "Non-racemic 
mixture" is a mixture containing unequal parts of 
individual enantiomers or stereoisomers. 

The term "treatment" as used herein covers any 
20 treatment of a disease and/or condition in an animal, 

particularly a human, and includes: 

(i) preventing a disease and/or condition from 
occurring in a subject which may be predisposed to the 
disease and/or condition but has not yet been diag- 

2 5 nosed as having it; 

(ii) inhibiting the disease and/or condition, 
i.e., arresting its development; or 

(iii) relieving the disease and/or condition, 



i.e., causing regression of the disease and/or condi- 
tion. 

The term "effecting" as directed to "effecting 
neuronal activity" relates to producing or bringing 
about a desired effect or result and includes without 
limitaion stimulating neurons, promoting regeneration 
preventing degeneration, protecting from degeneration 
and treating disorders. 

The system used in naming the compounds of the 
present invention is shown below, using a compound of 
formula IV as an example. 

A compound of the present invention, especially 
Formula IV, wherein n is 1, R is 1 , 1-dimethylpentyl , 
X is 0, Y is (CH 2 ) 3 , and Z is 3-pyridyl-N-oxide, is 
named3- (3-Pyridyl) -1 -propyl (25) -1- (3 , 3 -Dimethyl- 1, 2- 
dioxopentyl) -2 -pyrrol idinecarboxylate, N-oxide. 
Compounds of the Invention 

The neurotrophic low molecular weight, small 
molecule FKBP inhibitor compounds of this invention 
have an affinity for FKBP- type immunophilins, such as 
FKBP12 . When the neurotrophic compounds of this 
invention are bound to an FKBP -type immunophilin, they 
have been found to inhibit the prolyl -pept idyl cis- 
trans isomerase activity, or rotamase, activity of the 
binding protein and unexpectedly stimulate neurite 
growth. 

Specific exemplifications of these embodiments 
are presented in TABLE I . 
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TABLE I 



No. 


n 


X 


Y 


1 


1 


0 


(CH 2 ) 3 


2 


1 


0 


(CH 2 ) 3 


3 


1 


0 


(CH 2 ) 3 


4 


1 


0 


(CH 2 ) 3 


5 


1 


0 


(CH 2 ) 3 


6 


1 


0 


(CH 2 ) 3 




R 



Z 

3- Pyridyl N- oxide 
2-Pyridyl N-oxide 

4- Pyridyl N-oxide 

2- Quinolyl N-oxide 

3- Quinolyl N-oxide 

4- Quinolyl N-oxide 



R 

1 , 1 -dimethylpentyl 
1 , 1- dimethylpentyl 
1 , 1 -dimethylpentyl 
1 , 1 -dimethylpentyl 
1 , 1 -dimethylpentyl 

1 , 1 -dimethylpentyl 



The most preferred compounds of formula IV are : 

3- (2-Pyridyl) -1-propyl (2S) -1- (3 , 3 -Dimethyl -1, 2 - 
dioxo-pentyl) -2 -pyrrol idinecarboxylate, N-oxide; 

3- (3-Pyridyl) -1-propyl (2S) -1- (3 , 3 -Dimethyl-1 , 2 - 
dioxo-pentyl) -2-pyrrolidinecarboxylate, N-oxide; 

3- (4-Pyridyl) -1 -propyl (2S) -1- (3 , 3 -Dimethyl -1 # 2 - 
dioxo-pentyl) -2-pyrrolidinecarboxylate, N-oxide; 

3- (2-Quinolyl) -1-propyl (2S) -1- (1, 1 -Dimethyl-1, 2- 
dioxo-pentyl ) -2 -pyrrolidinecarboxylate , N-oxide ; 

3 - ( 3 -Quinolyl ) - 1 -propyl ( 2S ) - 1 - ( l , 1 -Dimethyl -1,2- 
dioxo-pentyl) -2-pyrrolidinecarboxylate, N-oxide; and 

3- (4-Quinolyl) -1-propyl (2S) -1- (1, 1-Dimethyl-l, 2- 
dioxo-pentyl) -2-pyrrolidinecarboxylate, N-oxide. 

The compounds of the present invention exist as 
stereoisomeric forms, either enantiomers or 
diastereoisomers. Included within the scope of the 
invention are the enantiomers, the racemic form, and 
diastereoisomeric mixtures. Enantiomers and diastere- 
oisomers can be separated by methods known to those 
skilled in the art. 

Methods of Using the Compounds of the Invention 

The compounds of the present invention have an 
affinity for the FK506 binding protein, particularly 
FKBP12 , which is present in the neuronal tissue. When 
the inventive compounds bind to FKBP in neuronal 
tissue, they exhibit excellent neurotrophic activity. 
This activity is useful in the stimulation of damaged 
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neurons, the promotion of neuronal regeneration, the 
prevention of neurodegeneration, the protection of 
nerves from neurodegeneration, and the treatment of 
several neurological disorders known to be associated 
5 with neuronal degeneration and peripheral 

neuropathies . 

For the foregoing reasons, the present invention 
further relates to a method of effecting a neuronal 
activity in an animal, comprising: 
10 administering to the animal a neurotrophical ly 

effective amount of a compound of formula I, II, ill 
or IV. 

In a preferred embodiment, the neuronal activity 
is selected from the group consisting of stimulation 

15 of damaged neurons, promotion of neuronal 

regeneration, prevention of neurodegeneration, 
protection of neurodegeneration, and treatment of 
neurological disorder. 

The neurological disorders that may be treated 

2 0 include but are not limited to: trigeminal neuralgia; 

glossopharyngeal neuralgia; Bell's Palsy;, myasthenia 
gravis; muscular dystrophy; amyotrophic lateral 
sclerosis; progressive muscular atrophy; progressive 
bulbar inherited muscular atrophy; herniated; ruptured 

25 or prolapsed invertebrate disk syndromes; cervical 

spondylosis; plexus disorders; thoracic outlet 
destruction syndromes; peripheral neuropathic such as 
those caused by lead, dapsone, ticks, porphyria, or 



Guillain-Barre syndrome; Alzheimer's disease; and 
Parkinson's disease. 

The compounds of the present invention are 
particularly useful for treating a neurological 
disorder selected from the group consisting of: 
peripheral neuropathy caused by physical injury or 
disease state, physical damage to the brain, physical 
damage to the spinal cord, stroke associated with 
brain damage, and neurological disorder relating to 
neurodegeneration. Examples of neurological disorders 
relating to neurodegeneration are Alzheimer's Disease, 
Parkinson's Disease, and amyotrophic lateral 
sclerosis . 

Pharmaceu tical Compositions anrj Formulations 

For these purposes the compounds of the present 
invention may be administered orally, parenterally, by 
inhalation spray, topically, rectally, nasally, 
buccally, vaginally or via an implanted reservoir in 
dosage formulations containing conventional non-toxic 
pharmaceutically-acceptable carriers, adjuvants and 
vehicles . The term parenteral as used herein includes 
subcutaneous , intravenous , intramuscular, 
intraperitoneally, intrathecally, intraventricularly, 
intrasternal and intracranial injection or infusion 
techniques . 

To be effective therapeutically as central nervous 
system targets, the compounds of the present invention 
should readily penetrate the blood-brain barrier when 
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peripherally administered. Compounds which cannot 
penetrate the blood-brain barrier can be effectively- 
administered by an intraventricular route or other 
appropriate delivery system suitable for 
administration to the brain. 

The compounds of the present invention may be 
administered in the form of sterile injectable 
preparations, for example, as sterile injectable 
.aqueous or oleaginous suspensions. These suspensions 
may be formulated according to techniques known in the 
art using suitable dispersing or wetting agents and 
suspending agents. The sterile injectable 

preparations may also be sterile injectable solutions 
or suspensions in non-toxic parenterally-acceptable 
diluents or solvents, for example, as solutions in 
1,3-butanediol. Among the acceptable vehicles and 
solvents that may be employed are water, Ringer' s 
solution and isotonic sodium chloride solution. In 
addition, sterile, fixed oils are conventionally 
employed as solvents or suspending mediums. For this 
purpose, any bland fixed oil may be employed including 
synthetic mono- or di-glycerides . Fatty acids such as 
oleic acid and its glyceride derivatives, including 
olive oil and castor oil, especially in their 
polyoxyethylated versions, are useful in the 
preparation of injectables. These oil solutions or 
suspensions may also contain long -chain alcohol 
diluents or dispersants. 



The compounds may be administered orally in the 
form of capsules, tablets, aqueous suspensions or 
solutions. Tablets may contain carriers such as 
lactose and corn starch, and/or lubricating agents 
such as magnesium stearate. Capsules may contain 
diluents including lactose and dried corn starch. 
Aqueous suspensions may contain emulsifying and 
suspending agents combined with the active ingredient. 
.The oral dosage forms may further contain sweetening 
and/or flavoring and/or coloring agents. 

The compounds of this invention may also be 
administered rectally in the form of suppositories. 
These compositions can be prepared by mixing the drug 
with a suitable non- irritating excipient which is 
solid at room temperature, but liquid at rectal 
temperature and, therefore, will melt in the rectum to 
release the drug. Such materials include cocoa 
butter, beeswax and polyethylene glycols. 

The compounds of this invention may also be 
administered topically, especially when the conditions 
addressed for treatment involve areas or organs 
readily accessible by topical application, including 
neurological disorders of the eye, the skin, or the 
lower intestinal tract. Suitable topical formulations 
are readily prepared for each of these areas. 

For topical application to the eye, or ophthalmic 
use, the compounds can be formulated as micronized 
suspensions in isotonic, Ph adjusted sterile saline. 



or, preferably, as solutions in isotonic, Ph adjusted 
sterile saline, either with or without a preservative 
such as benzyl alkonium chloride. Alternatively for 
the ophthalmic uses the compounds may be formulated in 
an ointment such as petrolatum. 

For topical application to the skin, the compounds 
can be formulated in a suitable ointment containing 
the compound suspended or dissolved in, for example, 
.a mixture with one or more of the following: mineral 
oil, liquid petrolatum, white petrolatum, propylene 
glycol, polyoxyethylene polyoxypropylene compound, 
emulsifying wax and water. Alternatively, the 
compounds can be formulated in a suitable lotion or 
cream containing the active compound suspended or 
dissolved in, for example, a mixture of one or more of 
the following: mineral oil, sorbitan monostearate, 
polysorbate 60, cetyl esters wax, cetearyl alcohol, 2- 
octyldodecanol , benzyl alcohol and water. 

Topical application for the lower intestinal tract 
an be effected in a rectal suppository formulation 
(see above) or in a suitable enema formulation. 

Dosage levels on the order of about 0.1 mg to 
about 10,000 mg of the active ingredient compound are 
useful in the treatment of the above conditions, with 
preferred levels of about 0.1 mg to about 1,000 mg. 
The amount of active ingredient that may be combined 
with the carrier materials to produce a single dosage 
form will vary depending upon the host treated and the 
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particular mode of administration. 

It is understood, however, that a specific dose 
level for any particular patient will depend upon a 
variety of factors including the activity of the 
specific compound employed, the age, body weight, 
general health, sex, diet, time of administration, 
rate of excretion, drug combination, and the severity 
of the particular disease being treated and form of 
•administration. 

The compounds can be administered with other 
neurotrophic agents such as neurotrophic growth factor 
(NGF) , glial derived growth factor, brain derived 
growth factor, ciliary neurotrophic factor, and 
neurotropic 3 . The dosage level of other neurotrophic 
drugs will depend upon the factors previously stated 
and the neurotrophic effectiveness of the drua 
combination. 

As discussed above, the compounds of the present 
invention have an affinity for the FK506 binding 
protein, particularly FKBP12 . The inhibition of the 
prolyl peptidyl cis-trans isomerase activity of FKBP 
may be measured as an indicator of this affinity. 

Ki Test PT-pc<»riiiT»p 

Inhibition of the peptidyl -prolyl isomerase 
(rotamase) activity of the inventive compounds can be 
evaluated by known methods described in the literature 
(Harding, et al . , Nature, 1989, 341:758-760; Holt et 
al. J\ Am. Chem. Soc, 115:9923-9938). These values 
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are obtained as apparent Ki's and are presented in 
Table II. The cis- trans isomerization of an alanine- 
proline bond in a model substrate, N-succinyl-Ala-Ala- 
Pro-Phe-p-nitroanilide, is monitored 
spectrophotometrically in a chymotrypsin-coupled 
assay, which releases para -nitroanilide from the trans 
form of the substrate. The inhibition of this 
reaction caused by the addition of different 
concentrations of inhibitor is determined, and the 
data is analyzed as a change in first-order rate 
constant as a function of inhibitor concentration to 
yield the apparent Ki values. 

In a plastic cuvette are added 950 mL of ice cold 
assay buffer (25 mM HEPES, pH 7.8, 100 mM NaCl) , 10 mL 
of FKBP (2.5 mM dithiothreitol) , 25 mL of chymotrypsin 
(50 mg/ml in 1 mM HCL) and 10 mL of test compound at 
various concentrations in dimethyl sulfoxide. The 
reaction is initiated by the addition of 5 mL of 
substrate (succinyl-Ala-Phe-Pro-Phe-pajra-nitroanilide, 
5 mg/mL in 2.35 mM LiCl in trif luoroethanol ) . 

The absorbance at 390 nm versus time is monitored 
for 90 seconds using a spectrophotometer and the rate 
constants are determined from the absorbance versus 
time data files. 

The data for these experiments for representative 
compounds are presented in Table II under the column 
"Ki" . 

The neurotrophic effects of the compounds of the 
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present invention can be demonstrated in cellular 
biological experiments in vitro, as described below. 



Chick Dorsal Root Ganglion 
5 Cultures and Neurite Growth 

Dorsal root ganglia were dissected from chick 
embryos of ten day gestation. Whole ganglion explants 
were cultured on thin layer Matrigel- coated 12 well 
plates with Liebovitz LIS plus high glucose media 

10 supplemented with 2 mM glutamine and 10% fetal calf 

serum, and also containing 10 fiM cytosine S-D 
arabinofuranoside (Ara C) at 3 7°C in an environment 
containing 5% C0 2 . Twenty- four hours later, the DRGs 
were treated with various immunophilin ligands. 

15 Forty-eight hours after drug treatment, the ganglia 

were visualized under phase contrast or Hoffman 
Modulation contrast with a Zeiss Axiovert inverted 
microscope. Photomicrographs of the explants were 
made, and neurite outgrowth was quantified. Neurites 

20 longer than the DRG diameter were counted as positive, 

with total number of neurites quantitated per each 
experimental condition. Three to four DRGs are 
cultured per well, and each treatment was performed in 
duplicate . 

25 The unexpectedly greater metabolic stability of 

the N-oxides of the present invention may be 
demonstrated in vitro assays. In studies to directly 
asses the rate of metabolism of N-oxides, a mouse 
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liver microsomal assay was used as described below to 
model first pass metabolism. Data is presented 
comparing the N-oxide of Example 1 with its parent 
(unoxidized) compound, showing the N-oxide has a 
significantly longer half-life than the parent 
compound. Additionally, studies using purified 
esterase enzyme (described in detail below) 
demonstrated that Example 1 undergoes limited de- 
esterification in vitro during the course of the study 
whereas the precursor compound (unoxidized parent 
compound) undergoes significant degradation under the 
same reaction conditions. 



Microsomal Assay 

Liver microsomes from various species were 
purchased from a commercial supplier. The microsomes 
are characterized prior to shipment. The reaction 
mixture contained microsomes, 5 /zM MgCl 2 , 1 mM NADP, 4 
mM glucose -6 -phosphate (G-6-P) , and l unit/ 4 mL 
glucose -6 -phosphate dehydrogenase (G-6-P DH) . The 
final microsomal protein concentration for. all studies 
was 0.2 mg/mL. Incubations were carried out for 1 
hour in a shaking water bath (37°C) . The reaction was 
terminated by removing an aliquot from the reaction 
mixture and placing it in a tube with an equal volume 
of acetonitrile and the bioanalytical internal 
standard. The results of these experiments are 
presented as compound half -lives (t 1/2 ) in Table II. 
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Esterase Activity 

Purified rabbit liver esterase was purchased from 
Sigma. Five (5) units of enzyme were placed in 2 mL 
of 0.05 M Tris buffer (pH 7.5). Incubations were 
5 performed for 2 hours. The reaction was terminated by 

removing an aliquot from the reaction mixture and 
placing it in a tube with an equal volume of 
acetonitrile and the bioanalytical internal standard. 
. The results of these experiments are presented in 
10 Table II as rates of enzymatic degradation of the 

compounds . 

The results of these in vitro experiments for 3- 
(3-Pyridyl) -1-propyl (2S) -1- ( 3 , 3 -Dimethyl - 1 , 2 - 
dioxopentyl ) -2 -pyrrolidinecarboxylate ( " Parent " ) are 
15 tabulated in Table II. 



Table II 



20 Compound K t 

(nM) 

25 Parent 7.5 

Example 1 225 



ED S0 
(nM) 

0.05 
2.3 



(min) 

8.1 
42.8 



esterase 
degradation 
(pmol/min/mg/ 
protein) 

7521 
367 



3 0 MPTP Model of Parkinsons Disease 

The remarkable neurotrophic and neuroregenerative 
effects of the present inventive compounds can be 
further demonstrated in an animal model of 
neurodegenerative disease. MPTP lesioning of 
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dopaminergic neurons in mice is used as an animal 
model of Parkinson's Disease. Four week old male CD1 
white mice are dosed i.p. with 30 mg/kg of MPTP for 5 
days. Test compounds (4 mg/kg), or vehicle, are 
administered s.c. along with the MPTP for 5 days, as 
well as for an additional five days following 
cessation of MPTP treatment. At 18 days following 
MPTP treatment, the animals are sacrificed and the 
striata dissected and perfusion- fixed. Immunostaining 
is performed on sagittal and coronal brain sections 
using anti -tyrosine hydroxylase 1 g to quantitative 
survival and recovery of dopaminergic neurons. In 
animals treated MPTP and vehicle, a substantial loss 
of functional dopaminergic terminals is observed as 
compared to non-lesioned animals. Lesioned animals 
receiving test compounds show a significant recovery 
of TH-stained dopaminergic neurons. This model 
presents quantitation for the recovery of TH-positive 
dopaminergic neurons in the striatum of animals 
receiving of animals receiving the compounds of the 
present invention. Data for representative control 
and lesioned animals not receiving the test drugs is 
also presented against the data from the animals 
receiving the compounds of the present invention. 

Data for the representative control and lesioned 
animals not receiving test drugs is presented against 
the Parent compound and Example 1 of the present 
invention in Figure 1. It is clear that, although 



Example 1 is less potent in vitro, it is more potent 
in this in vivo model of neurodegeneration, due to its 
unexpectedly better bioavailability and 
pharmacokinetics . 

Examples 

The following examples are illustrative of the 
present invention and are not intended to be 
. limitations thereon. 

Example 1 

Synthesis o f 3- (3-Pvridvl) -1 -propyl (2S)-l-(3 f 3- 
Dimethvl -1,2 -di oxopentvl ) - 2 -pvrrolidinecarboxvlate , N- 
oxide. (1) 

Methyl 12S) -1- ( 1 , 2 -dioxo-2 -methoxvethvl ) -2- 
pvrrolidinecarbo xvlate . A solution of L-proline 
methyl ester hydrochloride (3.08 g; 18.60 mmol) in dry 
methyl chloride was cooled to 0°C and treated with 
triethylamine (3.92 g; 38.74 mmol; 2.1 eq) . After 
stirring the formed slurry under a nitrogen atmosphere 
for 15 min, a solution of methyl oxalyl chloride (3.20 
g; 26.12 mmol) in methylene chloride (45 mL) was added 
dropwise. The resulting mixture was stirred at 0°C 
for 1.5 hr. After filtering to remove solids, the 
organic phase was washed with water, dried over MgS0 4 
and concentrated. The crude residue was purified on 
a silica gel column, eluting with 50% ethyl acetate in 
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hexane, to obtain 3.52 g (88%) of the product as a 
reddish oil. Mixture of cis- trans amide rotamers; data 
for trans rotamer given. r H NMR (CDC1 3 ) : 6 1.93 (dm, 
2H) ; 2.17 (m, 2H) ; 3 . 62 (m, 2H) ; 3.71 (s, 3H) ; 3.79, 
3.84 (s, 3H total); 4.86 (dd, 1H, J=8.4, 3.3). 

Methyl (2S) -1- (1, 2-dioxo-3 . 3 -dimethvlpentvl ) -2 - 
pyrrolidinecarboxvlate . A solution of methyl (2S)-1- 
(1, 2-dioxo-2-methoxyethyl) -2-pyrrolidinecarboxylate 
(2.35 g; 10.90 mmol) in 30 mL of tetrahydrof uran (THF) 
was cooled to -78°C and treated with 14.2 mL of a 1.0 
M solution of 1, 1-dimethylpropylmagnesium chloride in 
THF. After stirring the resulting homogeneous mixture 
at -78°C for three hours, the mixture was poured into 
saturated ammonium chloride (100 mL) and extracted 
into ethyl acetate. The organic phase was washed with 
water, dried, and concentrated, and the crude material 
obtained upon removal of the solvent was purified on 
a silica gel column, eluting with 25% ethyl acetate in 
hexane, to obtain 2.10 g (75%) of the oxamate as a 
colorless oil. *H NMR (CDC1 3 ):5 0 . 88 (t,3H); 1.22, 
1.26 (s,3H each); 1.75 (dm, 2H) ; 1.87-2.10 (m,3H); 
2.23(m,lH); 3.54(m,2H); 3 . 7 6 ( s , 3 H ) ; 

4.52(dm,lH,J=8.4,3.4) . 

( 2 S) - 1 - ( 1 , 2 - dioxo- 3 , 3 - dimethyl pen tyl ) - 2 - 
pyrroli dinecarboxvlic acid . A mixture of methyl (2S) - 
1- (1, 2-dioxo-3 , 3-dimethylpentyl-2- 



pyrrol idinecarboxyl ate (2.10 g ; 8.23 mmol), 1 N LiOH 
(15 mL) , and methanol (50 mL) was stirred at 0°C for 
30 min and at room temperature overnight. The mixture 
was acidified to pH 1 with 1 N HC1, diluted with 
water, and extracted into 100 mL of methylene 
chloride. The organic extract was washed with brine 
and concentrated to deliver 1.73 g (87%) of snow-white 
solid which did not require further purification. l H 
NMR (CDC1 3 ) :d 0.87(t,3H); 1 . 22 , 1 . 25 (s, 3H each) ; 1.77 
(dm,2H); 2.02 (m,2H); 2.17 (m, 1H) ; 2.25 (m, 1H) ; 
3.53 (dd,2H, J=10.4,7.3) ; 4 . 55 (dd, 1H, J=8 . 6 , 4 . 1) . 

3- (3-Pvridvl) -1 -prop yl (2S) -1- (3 . 3 -dimethyl -1 . 2- 
dioxooe ntvl ) - 2 -pyrrol idinecarboxvlate . A mixture of 
(2S) -1- (l,2-dioxo-3, 3-dimethylpentyl) - 2 - 
pyrrolidinecarboxylic acid (4.58 g; 19 mmol), 3- 
pyridinepropanol (3.91 g ; 2 8.5 mmol), 
dicyclohexylcarbodiimide (6.27 g ; 30.4 mmol), 
camphor sul phonic acid (1.47 g ; 6.33 mmol) and 4- 
dimethyl aminopyridine (773 mg; 6.33 mmol) in 
methylene chloride (100 mL) was stirred overnight 
under a nitrogene atmosphere. The reaction mixture 
was filtered through Celite to remove solids and 
concentrate in vacuo. The crude material was 
triturated with several portions of ether, and the 
ether portions were filtered through Celite to remove 
solids and concentrated in vacuo. The concentrated 
filtrate was purified on a flash column (gradient 
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elution, 25% ethyl acetate in hexane to pure ethyl 
acetate) to obtain 5.47 g (80%) of GPI 1046 as a 
colorless oil (partial hydrate). l H NMR (CDC1 3 ,300 
MHz):5 0.85 (t,3H); 1.23, 1.26 (s,3H each); 1.63-1.89 
5 (m,2H); 1.90-2.30 (m,4H); 2 . 30-2 . 50 (m, 1H) ; 2.72(t,2H); 

3.53 (m,2H); 4.19(m,2H); 4 . 53 (tn, 1H) ; 7.22 (m,lH); 
7.53(dd,lH); 8.45. Anal. Calcd. for C 2o H 28 NO 4 -0 . 25 H 2 0: 
C, 65.82; H,7.87; N,7.68. Found: C, 66.01; H,7.85; 
.N,7.64. 

0 

3- (3-Pvridvl) -l-oropvl (2 S) -1- (3 . 3-dimethvl-i 
dioxopentvl) -2- ovrrolidinecarboxvlate. N-oxide . A 
solution of 3- (3-pyridyl) -1-propyl (2S)-l-(3,3- 
dimethyl- 1 , 2 -dioxopentyl ) -2 -pyrrol idinecarboxy late 

5 (190 mg; 0.52 nunol) and m-chloroperbenzoic acid (160 

mg of 57%- 86% material, 0.53 mmol) was stirred in 
methylene chloride (20mL) at room temperature for 3 
hrs. The reaction mixture was diluted with methylene 
chloride and washed twice with IN NaOH. The organic 

D extract was dried and concentrated and the crude 

material was chromatographed, eluting with 10% 
methanol in ethyl acetate, to obtain 13 0 mg of the 
compound of Example 1, X H NMR (CDC1 3 ,300 MHz): 6 0.83 
(t,3H); 1.21 (S,3H); 1.25 (s,3H); 1.75-2.23 (m, 8H) ; 

5 2.69 (t,2H, J-7.5) ; 3.52 ( t , 2H, J-6 . 3 ) ; 4.17 (dd,2H ( 

J=6.3); 4.51 (m,lH); 7.16-7.22 (m, 2H) ; 8.06-8.11 
(m,2H). Anal. Calcd. for C 20 H 28 N 2 O s -0 . 75 H 2 0: C, 61.60 ; 
H,7.63; N,7.18. Found: C, 61.79; H,7.58; N,7.23. 
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WHAT IS CLAIMED IS: 

1. A compound of the formula 




or a pharmaceutical]^ acceptable salt thereof, 
5 wherein: 

A and B are taken together, with the nitrogen and 
carbon atoms to which they are respectively attached, 
to form a 5-7 membered saturated or unsaturated 
heterocyclic ring containing any combination of CH 2 , 0, 
0 S, SO, S0 2 , NH or NR X in any chemically stable 

oxidation state; 

W is 0, S, CH 2 , or H 2 ; 

R is a Ci-Cg straight or branched chain alkyl or 
alkenyl group optionally substituted with C 3 -C g 
5 cycloalkyl, C 3 or C s cycloalkyl, C s -C 7 cycloalkenyl , or 

Ar t , where said alkyl, alkenyl, cycloalkyl, or 
cycloalkenyl groups may be optionally substituted with 
C x -C 4 alkyl, C,-C 4 alkenyl, or hydroxy, and where Ar x is 
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selected from the group consisting of 1-napthyl, 2- 
napthyl, 1-indolyl, 2-indolyl, 2-furyl, 3-furyl, 2- 
thienyl , 3 - thienyl , 2 -pyridyl , 3 -pyridyl , 4 -pyridyl , 
or phenyl, having one to three substituents which are 
5 independently selected from the group consisting of 

hyrogen, halo, hydroxyl, nitro, trif luoromethyl , C x -C 6 
straight or branched alkyl or alkenyl, C x -C 4 
alkenyloxy, phenoxy, benzyloxy, and amino; 
X is O, NH, NR X , S, CH, CR X/ or C(R X ) 2 ; 

10 Y is a direct bond, or a Cl-C 6 straight or 

branched chain alkyl or alkenyl which is optionally 
substituted in one or more positions with C^-Cg 
straight or branched chain alkyl or alkenyl, or C 3 -C 3 
cycloalkyl, or C 5 -C 7 cycloalkenyl , or hydroxyl, or 

15 carbonyl oxygen, or with Ar, where said alkyl, 

alkenyl, cycloalkyl, cycloalkenyl, or Ar group is 
optionally substituted with alkyl, C x -C 4 alkenyl, 

or hydroxy, or carbonyl oxygen, or wherein any of the 
carbon atoms of said alkyl, alkenyl, cycloalkyl, 

20 cycloalkenyl, or Ar group is optionally replaced with 

O, NH, NR 2/ S, SO, or S0 2 , where R 2 is selected from 
the group consisting of hydrogen, (C^CJ -straight or 
branched chain alkyl, (C 3 -C 4 ) -straight or branched 
chain alkenyl or alkynyl, and (C^CJ bridging alkyl 

25 wherein a bridge is formed between the nitrogen and a 

carbon atom of said alkyl or alkenyl chain containing 
said heteroatom to .form a ring, wherein said ring is 
optionally fused to an Ar group; and 



Z is an aromatic or tertiary alkyl amine oxidized 
to a corresponding N-oxide, wherein the aromatic amine 
is Ar oxidized to a corresponding N-oxide where Ar is 
a mono-, bi- or tricyclic, carbo- or heterocyclic 
ring, wherein the ring is either unsubstituted or 
substituted in one to three position (s) with halo, 
hydroxyl, nitro, trif luoromethyl , C^-Cg straight or 
branched chain alkyl or alkenyl, C x -C 4 alkoxy, Cj-C, 
.alkenyloxy, phenoxy, benzyloxy, amino, or a 
combination thereof; wherein the individual ring sizes 
are 5-6 members; wherein the heterocyclic ring 
contains 1-6 heteroatom (s) selected from the group 
consisting of 0, N, S, and a combination thereof 
wherein at least one of the heteroatoms is N, and 
wherein the alkyl amine is oxidized to a corresponding 
N-oxide where alkyl is a C^Q straight or branched 
chain alkyl or alkenyl which is optionally substituted 
in one or more positions with C^-Cg straight or 
branched chain alkyl or alkenyl, or Cj-C 8 cycloalkyl, 
or C s -C 7 cycloalkenyl , or hydroxyl, or carbonyl oxygen, 
or with Ar, where said alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, or Ar group is optionally substituted 
with C x -C 4 alkyl, C^C, alkenyl, or hydroxy, or carbonyl 
oxygen, or wherein any of the carbon atoms of said 
alkyl, alkenyl, cycloalkyl, cycloalkenyl, or Ar group 
is optionally replaced with 0, NH, NR t , S, SO, or S0 2 ; 

Ar is selected from the group consisting of 
pyrrolidinyl, pyridyl, pyrimidyl, pyrazyl, pyridazyl, 
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quinolinyl, and isoquinolinyl ; and, 

R x is hydrogen, (C^-CJ -straight or branched chain 
alkyl, (C 3 -C 4 ) -straight or branched chain alkenyl or 
alkynyl, or R x is Y-Z as defined above. 

5 

2. The compound of claim 1, which has an affinity for 
FKBP type immunophilins . 

.3. The compound of claim 2, where the FKBP-type 
10 immunophilin is FKBP12 . 

4. The compound of claim l, capable of inhibiting 
rotamase enzyme activity. 

15 5. A pharmaceutical composition comprising a 

neurotrophically effective amount of the compound of 
claim 1 and a pharmaceutical^ acceptable carrier. 

6. A method of stimulating damaged neurons in an 
20 animal , comprising : 

administering to the animal a neurotrophically 
effective amount of the compound of claim 1. 

7. A method of promoting neuronal regeneration in an 
25 animal, comprising: 

administering to the animal a neurotrophically 
effective amount of the compound of claim 1. 



WO 98/37885 PCT/US98/03484 

45 

8. A method of preventing neurodegeneration in an 
animal , compr i s ing : 

administering to the animal a neurotrophical ly 
effective amount of the compound of claim 1. 

9. A method of treating neurological disorders in an 
animal, comprising: 

administering to the animal a neurotrophically 
effective amount of the compound of claim 1. 

10. The method of claim 9, wherein the neurological 
disorder is selected from the group consisting of 
peripheral neuropathy caused by physical injury or 
disease state, physical damage to the brain, physical 
damage to the spinal cord, stroke associated with 
brain damage, and neurological disorder relating to 
neurodegenerat ion . 



11. The method of claim 10, wherein the neurological 
disorder relating to neurodegeneration is selected 
from the group consisting of Alzheimer's Disease, 
Parkinson's Disease, and amyotrophic lateral 
sclerosis . 
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12. A compound of formula II comprising: 




R 

II 



5 ..or a pharmaceutical]^ acceptable salt thereof, 
wherein: 

E, F, G and H are independently CH 2 , 0, S, SO, S0 2/ 
NH or NR X ; 

W is 0, S, CH 2 , or H 2 ; 

10 R is a Ci-Cfi straight or branched chain alkyl or 

alkenyl group optionally substituted with C 3 -C 8 
cycloalkyl, C 3 or C s cycloalkyl, C 5 -C 7 cycloalkenyl , or 
Ar x , where said alkyl, alkenyl, cycloalkyl, or 
cycloalkenyl groups may be optionally substituted with 

15 C X -C A alkyl, C^-C^ alkenyl, or hydroxy, and where Ar x is 

selected from the group consisting of 1-napthyl, 2- 
napthyl, 1-indolyl, 2-indolyl, 2-furyl, 3-furyl, 2- 
thienyl , 3 - thienyl , 2 -pyridyl , 3 -pyridyl , 4 -pyridyl , 
or phenyl, having one to three substituents which are 

20 independently selected from the group consisting of 

hyrogen, halo, hydroxyl, nitro, trif luoromethyl , C 1 -C 6 
straight or branched alkyl or alkenyl, C L -C 4 
alkenyloxy, phenoxy, benzyloxy, and amino; 
X is 0, NH, NR lf S, CH, CR^ or C(R 1 ) 2 ; 
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Y is a direct bond, or a Cl-C s straight or 
branched chain alkyl or alkenyl which is optionally- 
substituted in one or more positions with C^-Cg 
straight or branched chain alkyl or alkenyl, or C 3 -C 8 
5 cycloalkyl, or C s -C 7 cycloalkenyl, or hydroxyl, or 

carbonyl oxygen, or with Ar, where said alkyl, 
alkenyl, cycloalkyl, cycloalkenyl, or Ar group is 
optionally substituted with CVC, alkyl, C^C, alkenyl, 
..or hydroxy, or carbonyl oxygen, or wherein any of the 
10 carbon atoms of said alkyl, alkenyl, cycloalkyl, 

cycloalkenyl, or Ar group is optionally replaced with 
O, NH, NR 2 , S, SO, or S0 2 , where R 2 is selected from 
the group consisting of hydrogen, (C^-CJ -straight or 
branched chain alkyl, (C,-C 4 ) -straight or branched 
15 chain alkenyl or alkynyl, and (C^CJ bridging alkyl 

wherein a bridge is formed between the nitrogen and a 
carbon atom of said alkyl or alkenyl chain containing 
said heteroatom to form a ring, wherein said ring is 
optionally fused to an Ar group; and 
20 Z is an aromatic or tertiary alkyl amine oxidized 

to a corresponding N-oxide, wherein the aromatic amine 
is Ar oxidized to a corresponding N-oxide where Ar is 
a mono-, bi- or tricyclic, carbo- or heterocyclic 
ring, wherein the ring is either unsubstituted or 
25 substituted in one to three position (s) with halo, 
hydroxyl, nitro, trif luoromethyl , Cj-Cg straight or 
branched chain alkyl or alkenyl, d-C, alkoxy, C^C, 
alkenyloxy, phenoxy, benzyloxy, amino, or a 
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combination thereof; wherein the individual ring sizes 
are 5-6 members; wherein the heterocyclic ring 
contains 1-6 heteroatom(s) selected from the group 
consisting of 0, N, S, and a combination thereof 
5 wherein at least one of the heteroatoms is N, and 

wherein the alkyl amine is oxidized to a corresponding 
N-oxide where alkyl is a C^-Cg straight or branched 
chain alkyl or alkenyl which is optionally substituted 
. in one or more positions with C x -C € straight or 

10 branched chain alkyl or alkenyl, or C 3 -C 8 cycloalkyl, 

or C s -C 7 cycloalkenyl , or hydroxyl, or carbonyl oxygen, 
or with Ar, where said alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, or Ar group is optionally substituted 
with C X -C A alkyl, C x -C 4 alkenyl, or hydroxy, or carbonyl 

15 oxygen, or wherein any of the carbon atoms of said 

alkyl, alkenyl, cycloalkyl, cycloalkenyl, or Ar group 
is optionally replaced with 0, NH, NR 1# S, SO, or S0 2 ; 

Ar is selected from the group consisting of 
pyrrolidinyl, pyridyl, pyrimidyl, pyrazyl, pyridazyl, 

20 quinolinyl, and isoquinolinyl ; and, 

Rj is hydrogen, (C x -C 4 ) -straight or branched chain 
alkyl, (C 3 -C 4 ) -straight or branched chain alkenyl or 
alkynyl, or R x is Y-Z as defined above. 

25 13. The compound of claim 12, which has an affinity 

for FKBP type immunophilins . 



14. The compound of claim 13, where the FKBP-type 
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immunophilin is FKBP12 . 

15. The compound of claim 12, capable of inhibiting 
rotamase enzyme activity. 

5 

16. A pharmaceutical composition comprising a 
neurotrophically effective amount of the compound of 
claim 12 and a pharmaceutically acceptable carrier. 

0 17. A method of stimulating damaged neurons in an 

animal , comprising : 

administering to the animal a neurotrophically 
effective amount of the compound of claim 12. 



18. A method of promoting neuronal regeneration in an 
animal, comprising: 

administering to the animal a neurotrophically 
effective amount of the compound of claim 12. 

19. A method of preventing neurodegeneration in an 
animal, comprising: 

administering to the animal a neurotrophically 
effective amount of the compound of claim 12 . 

20. A method of treating neurological disorders in an 
animal , comprising : 

administering to the animal a neurotrophically 
effective amount of the compound of claim 12. 



WO 98/37885 PCT/US98/03484 

50 

21. The method of claim 20, wherein the neurological 
disorder is selected from the group consisting of 
peripheral neuropathy caused by physical injury or 
disease state, physical damage to the brain, physical 
5 damage to the spinal cord, stroke associated with 

brain damage, and neurological disorder relating to 
neurodegeneration . 

• 22. The method of claim 21, wherein the neurological 
10 disorder relating to neurodegeneration is selected 

from the group consisting of Alzheimer's Disease, 
Parkinson's Disease, and amyotrophic lateral 
sclerosis . 
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23. A compound of formula III comprising: 



F — G 




R 

III 



or a pharmaceutically acceptable salt thereof, 
wherein: 

E, F, and G are independently CH 2 , 0, S, SO, S0 2 , 
NH or NR i; 

W is 0, S, CH 2 , or H 2 ; 

R is a Ci-Cs straight or branched chain alkyl or 
alkenyl group optionally substituted with C 3 -C 8 
cycloalkyl, C 3 or C s cycloalkyl, C 5 -C 7 cycloalkenyl , or 
Ar lf where said alkyl, alkenyl, cycloalkyl, or 
cycloalkenyl groups may be optionally substituted with 
Ci-C 4 alkyl, C x -C 4 alkenyl, or hydroxy, and where Ar x is 
selected from the group consisting of 1-napthyl, 2- 
napthyl, 1-indolyl, 2-indolyl, 2-furyl, 3-furyl, 2- 
thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 
or phenyl, having one to three substituents which are 
independently selected from the group consisting of 
hyrogen, halo, hydroxyl, nitro, trif luoromethyl , 
straight or branched alkyl or alkenyl, C, -C, 
alkenyloxy, phenoxy, benzyloxy, and amino; 

X is O, NH, NR lf S, CH, CR lt or C(R l ) 2 ; 



-8 
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Y is a direct bond, or a Cl-C 6 straight or 
branched chain alkyl or alkenyl which is optionally 
substituted in one or more positions with C^Cg 
straight or branched chain alkyl or alkenyl, or C 3 -C a 
5 cycloalkyl, or C s -C 7 cycloalkenyl , or hydroxyl, or 

carbonyl oxygen, or with Ar, where said alkyl, 
alkenyl, cycloalkyl, cycloalkenyl, or Ar group is 
optionally substituted with C x -C 4 alkyl, C^-C, alkenyl, 
.or hydroxy, or carbonyl oxygen, or wherein any of the 

10 carbon atoms of said alkyl, alkenyl, cycloalkyl, 

cycloalkenyl, or Ar group is optionally replaced with 
0, NH, NR 2 , S, SO, or S0 2 , where R 2 is selected from 
the group consisting of hydrogen, (Ci-CJ - straight or 
branched chain alkyl, (C 3 -C 4 ) -straight or branched 

15 chain alkenyl or alkynyl, and (Cj-CJ bridging alkyl 

wherein a bridge is formed between the nitrogen and a 
carbon atom of said alkyl or alkenyl chain containing 
said heteroatom to form a ring, wherein said ring is 
optionally fused to an Ar group; and 

20 Z is an aromatic or tertiary alkyl amine oxidized 

to a corresponding N-oxide, wherein the aromatic amine 
is Ar oxidized to a corresponding N-oxide where Ar is 
a mono-, bi- or tricyclic, carbo- or heterocyclic 
ring, wherein the ring is either unsubstituted or 

25 substituted in one to three position (s) with halo, 

hydroxyl, nitro, trif luoromethyl , C^Cj straight or 
branched chain alkyl or alkenyl, C^C, alkoxy, C,-C 4 
alkenyloxy, phenoxy, benzyloxy, amino, or a 
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combination thereof; wherein the individual ring sizes 
are 5-6 members; wherein the heterocyclic ring 
contains 1-6 heteroatom(s) selected from the group 
consisting of 0, N, S, and a combination thereof 
wherein at least one of the heteroatoms is N, and 
wherein the alkyl amine is oxidized to a corresponding 
N- oxide where alkyl is a c x -C 6 straight or branched 
chain alkyl or alkenyl which is optionally substituted 
in one or more positions with C^Cs straight or 
branched chain alkyl or alkenyl, or C 3 -C 8 cycloalkyl, 
or C s -C 7 cycloalkenyl , or hydroxyl, or carbonyl oxygen, 
or with Ar, where said alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, or Ar group is optionally substituted 
with C x -C 4 alkyl, c x -C t alkenyl, or hydroxy, or carbonyl 
oxygen, or wherein any of the carbon atoms of said 
alkyl, alkenyl, cycloalkyl, cycloalkenyl, or Ar group 
is optionally replaced with 0, NH, NR lf S, SO, or S0 2 ; 

Ar is selected from the group consisting of 
pyrrolidinyl, pyridyl, pyrimidyl, pyrazyl, pyridazyl, 
quinolinyl, and isoquinolinyl ; and, 

R x is hydrogen, (C^-C,) -straight or branched chain 
alkyl, (C 3 -C 4 ) -straight or branched chain alkenyl or 
alkynyl, or R x is Y-Z as defined above. 

24. The compound of claim 23, which has an affinity 
for FKBP type immunophilins . 



25. The compound of claim 24, where the FKBP- type 
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immunophilin is FKBP12 . 

26. The compound of claim 23, capable of inhibiting 
rotamase enzyme activity. 

5 

27. A pharmaceutical composition comprising a 
neurotrophically effective amount of the compound of 
claim 23 and a pharmaceutical ly acceptable carrier * 

0 28. A method of stimulating damaged neurons in an 

animal , comprising : 

administering to the animal a neurotrophically 
effective amount of the compound of claim 23. 

5 29. A method of promoting neuronal regeneration in an 

animal , comprising : 

administering to the animal a neurotrophically 
effective amount of the compound of claim 23. 



30. A method of preventing neurodegeneration in an 
animal , comprising : 

administering to the animal a neurotrophically 
effective amount of the compound of claim 23. 

31. A method of treating neurological disorders in an 
animal , comprising : 

administering to the animal a neurotrophically 
effective amount of the compound of claim 23. 



WO 98/37885 PCT/US98/03484 

55 

32. The method of claim 31, wherein the neurological 
disorder is selected from the group consisting of 
peripheral neuropathy caused by physical injury or 
disease state, physical damage to the brain, physical 
damage to the spinal cord, stroke associated with 
brain damage, and neurological disorder relating to 
neurodegeneration . 

.33. The method of claim 32, wherein the neurological 
disorder relating to neurodegeneration is selected 
from the group consisting of Alzheimer's Disease, 
Parkinson's Disease, and amyotrophic lateral 
. sclerosis. 



15 34. A compound of formula IV comprising: 




R 

IV 



or a pharmaceutical^ acceptable salt thereof, 
wherein: 

n is 1, 2 or 3 forming a 5-7 member heterocyclic 
ring; 

W is 0, S, CH 2 , or H 2 ; 

R is a C x -C 6 straight or branched chain alkyl or 
alkenyl group optionally substituted with C 3 -C 8 
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cycloalkyl, C 3 . or C 5 cycloalkyl, C s -C 7 cycloalkenyl , or 
Ar x , where said alkyl, alkenyl, cycloalkyl, or 
cycloalkenyl groups may be optionally substituted with 
c i~ c 4 alkyl, C x -C 4 alkenyl, or hydroxy, and where Ar x is 
5 selected from the group consisting of 1-napthyl, 2- 

napthyl, 1-indolyl, 2-indolyl, 2-furyl, 3-furyl, 2- 
thienyl , 3 - thienyl , 2 -pyridyl , 3 -pyridyl , 4 -pyridyl , 
or phenyl, having one to three substituents which are 
.independently selected from the group consisting of 

10 hyrogen, halo, hydroxyl, nitro, trif luoromethyl , C^-Cg 

straight or branched alkyl or alkenyl, C x -C 4 
alkenyl oxy, phenoxy, benzyl oxy, and amino; 
X is 0, NH, NR X , S, CH, CR 1# or C(R X ) 2 ; 
Y is a direct bond, or a Cl-C 6 straight or 

15 branched chain alkyl or alkenyl which is optionally 

substituted in one or more positions with C^-Cg 
straight or branched chain alkyl or alkenyl, or C 3 -C a 
cycloalkyl, or C 5 -C 7 cycloalkenyl, or hydroxyl, or 
carbonyl oxygen, or with Ar, where said alkyl, 

2 0 alkenyl, cycloalkyl, cycloalkenyl, or Ar group is 

optionally substituted with C x -C 4 alkyl, alkenyl, 
or hydroxy, or carbonyl oxygen, or wherein any of the 
carbon atoms of said alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, or Ar group is optionally replaced with 

25 0, NH, NR 2 , S, SO, or S0 2 , where R 2 is selected from 

the group consisting of hydrogen, (C 1 -C 4 ) -straight or 
branched chain alkyl, (C 3 -C 4 ) -straight or branched 
chain alkenyl or alkynyl , and (Cj-CJ bridging alkyl 



wherein a bridge is formed between the nitrogen and a 
carbon atom of said alkyl or alkenyl chain containing 
said heteroatom to form a ring, wherein said ring is 
optionally fused to an Ar group; and 

Z is an aromatic or tertiary alkyl amine oxidized 
to a corresponding N-oxide, wherein the aromatic amine 
is Ar oxidized to a corresponding N-oxide where Ar is 
a mono-, bi- or tricyclic, carbo- or heterocyclic 
ring, wherein the ring is either unsubstituted or 
substituted in one to three position (s) with halo, 
hydroxyl, nitro, trif luoromethyl , Cj-C, straight or 
branched chain alkyl or alkenyl, C^C, alkoxy, C^-C, 
alkenyloxy, phenoxy, benzyloxy, amino, or a 
combination thereof; wherein the individual ring sizes 
are 5-6 members; wherein the heterocyclic ring 
contains 1-6 heteroatom (s) selected from the group 
consisting of 0, N, S, and a combination thereof 
wherein at least one of the heteroatoms is N, and 
wherein the alkyl amine is oxidized to a corresponding 
N-oxide where alkyl is a C^Q straight or branched 
chain alkyl or alkenyl which is optionally substituted 
in one or more positions with C^-Cg straight or 
branched chain alkyl or alkenyl, or C 3 -C 3 cycloalkyl, 
or C s -C 7 cycloalkenyl , or hydroxyl, or carbonyl oxygen, 
or with Ar, where said alkyl, alkenyl, cycloalkyl, 
cycloalkenyl, or Ar group is optionally substituted 
with c^C, alkyl, (^-C, alkenyl, or hydroxy, or carbonyl 
oxygen, or wherein any of the carbon atoms of said 
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alkyl, alkenyl, cycloalkyl, cycloalkenyl , or Ar group 
is optionally replaced with 0, NH, NR 1# S, SO, or S0 2 ; 

Ar is selected from the group consisting of 
pyrrolidinyl, pyridyl, pyrimidyl, pyrazyl, pyridazyl, 
5 quinolinyl, and isoquinolinyl ; and, 

R x is hydrogen, (C^CJ -straight or branched chain 
alkyl, (C 3 -C 4 ) -straight or branched chain alkenyl or 
alkynyl, or R L is Y-Z as defined above. 

10 35. The compound of claim 34, which has an affinity 

for FKBP type immunophilins . 

36. The compound of claim 35, where the FKBP- type 
immunophilin is FKBP12 . 

15 

37. The compound of claim 34, capable of inhibiting 
rotamase enzyme activity. 

38. A pharmaceutical composition comprising a 
20 neurotrophically effective amount of the compound of 

claim 34 and a pharmaceutically acceptable carrier. 

39. A method of stimulating damaged neurons in an 
animal , comprising : 

2 5 administering to the animal a neurotrophically 

effective amount of the compound of claim 34. 



40. A method of promoting neuronal regeneration in an 



WO 98/37885 PCT/US98/03484 

59 

animal, comprising: 

administering to the animal a neurotrophical In- 
effective amount of the compound of claim 34. 

41. A method of preventing neurodegeneration in an 
animal, comprising: 

administering to the animal a neurotrophically 
effective amount of the compound of claim 34. 

42 . A method of treating neurological disorders in an 
animal, comprising: 

administering to the animal a neurotrophically 
effective amount of the compound of claim 34. 



43. The method of claim 42, wherein the neurological 
disorder is selected from the group consisting of 
peripheral neuropathy caused by physical injury or 
disease state, physical damage to the brain, physical 
damage to the spinal cord, stroke associated with 
brain damage, and neurological disorder relating to 
neurodegenerat ion . 



44. The method of claim 43, wherein the neurological 
disorder relating to neurodegeneration is selected 
25 from the group consisting of Alzheimer's Disease, 

Parkinson's Disease, and amyotrophic lateral 
sclerosis . 
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45. A compound selected from the group consisting of: 
3- (2-Pyridyl) -1 -propyl (2S) -1- (1 , 1 -Dimethyl -1 , 2- 
dioxo-pentyl) -2-pyrrolidinecarboxylate, N-oxide; 

3- (3-Pyridyl) -1-propyl (2S) -1- ( 1 , l -Dimethyl - 1 , 2 - 
5 dioxo-pentyl) -2-pyrrolidinecarboxylate, N-oxide; 

3- (4-Pyridyl) -1-propyl (2S) -1- (1, 1 -Dimethyl- 1, 2- 
dioxo-pentyl) -2-pyrrolidinecarboxylate, N-oxide; 

3- (2-Quinolyl) -1-propyl (2S) -1- (1, 1-Dimethyl-l, 2- 
. dioxo-pentyl) -2-pyrrolidinecarboxylate , N-oxide ; 
10 3- (3-Quinolyl) -1-propyl (2S) -1- (1, 1-Dimethyl-l, 2- 

dioxo-pentyl) -2-pyrrolidinecarboxylate, N-oxide; and 
3- (4-Quinolyl) -1-propyl (2S) -1- (1, 1-Dimethyl-l , 2- 
dioxo-pentyl) -2-pyrrolidinecarboxylate, N-oxide. 

15 46. The compound of claim 45, which has an affinity 

for FKBP type immunophilins . 

47. The compound of claim 46, where the FKBP-type 
immunophilin is FKBP 12 . 

20 

48. The compound of claim 45, capable of inhibiting 
rotamase enzyme activity. 

49. A pharmaceutical composition comprising a 
25 neurotrophically effective amount of the compound of 

claim 45 and a pharmaceutically acceptable carrier. 



50. A method of stimulating damaged neurons in an 
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animal, comprising: 

administering to the animal a neurotrophically 
effective amount of the compound of claim 45. 



51. A method of promoting neuronal regeneration in an 
animal, comprising: 

administering to the animal a neurotrophically 
effective amount of the compound of claim 45. 

52. A method of preventing neurodegeneration in an 
animal , compri s ing : 

administering to the animal a neurotrophically 
effective amount of the compound of claim 45. 



53 . A method of treating neurological disorders in an- 
animal , compri s ing : 

administering to the animal a neurotrophically 
effective amount of the compound of claim 45. 

54. The method of claim 53, wherein the neurological 
disorder is selected from the group consisting of 
peripheral neuropathy caused by physical injury or 
disease state, physical damage to the brain, physical 
damage to the spinal cord, stroke associated with 
brain damage, and neurological disorder relating to 
neurodegeneration. 



55. The method of claim 54, wherein the neurological 
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disorder relating to neurodegeneration is selected 
from the group consisting of Alzheimer's Disease, 
Parkinson's Disease, and amyotrophic lateral 
sclerosis . 



WO 98/37885 



1/1 



PCI7US98/03484 



CD 
ll 



aidujBxg / dldW : |" 



juajBd/didW:|- 



M8A/M3A 




o 

CO 



o 



Aj!SU9Q U0jJB/U9UUl Hi IBJBUIS % 



SUBSTITUTE SHEET (RULE 26) 



INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/US98/03484 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC(6) :A61K 31/40, 31/44, 31/47; C07D 207/08, 207/09, 213/89, 215/60 

US CL :5 14/279.1, 343; 546/174, 314 
According to International Patent Classification (IPC) or to both national classification and IPC 

a FIELDS SEARCHED 

Min imum documentation searched (classification system followed by classification symbols) 
U.S. : 514/279.1, 343; 546/174, 314 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 
Registry, Chemical Abstracts 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y,P 


Chem. abstr., Vol.126, No.21, issued 1997 (Columbus. OH, USA), 
page 137, column 2, the abstract Nio. 272710, 'Neurotrophic 
Immunophilin Ligands Stimulate Structural and Functional Recovery 
in neurodegenerative Animal Models.' Proc. Natl. Acad. Sci. 
U.S.A., 1997, 94(5), 2019-2024. 


1-55 


Y.P 


Chem. abstr., Vol.126, No.21, 26 May 1997 (Columbus. OH, 
USA), page 88, column 1, the abstract Noc. 272378, ARMISTEAD, 
'Methods and Compositions for Stimulating Neurite Growth Using 
Compounds with Affinity for FKBP12 in Combination with 
Neurotrophic Factors.' ZA 9604852, 1996. 


1-55 


~x] Further documents are listed in the continuation of Box C. | | See patent family annex. 



Special categories of chad documents: 

document defining the general state of the art which is not considered 
to be of particular relevance 

earlier document published on or after the international Tiling data 

document which may throw doubu on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (es specified) 

document referring to an oral disclosure, use, exhibition or other 
means 

document published prior to the international filing date but later than 
the priority date claimed 



"T* later document published after the international filing date or pr iority 

date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

*X" document of particular relevance; the claimed invention cannot be' 

c on sid er ed novel or cannot be considered to involve an inventive step 
when the document is taken alone 

"Y" document of particular relevance; the claimed invention cannot be 

considered to involve an inventive step when the document is 
combined with one or more other such documenU, such combination 
being obvious to e person skilled in the an 

"&* document member of the same patent family 



Date of the actual completion of the international search 
06 APRIL 1998 



Date of mailing of the international search report 

17 JUL »98' - 




Name and mailing address of the ISAAJS 
Commissioner of Patents and Trademarks 
Box PCT 

Washington, D.C. 2023J 

Facsimile No (703) 305-3230 



Authorized/offce*/ j\ 

MACH 

'n? Ms, TM) 300-123-1 



INTERNATIONAL SEARCH RFPflRT 


International application No. 
PCT/US98/03484 


J C (Con tin u 


ation). DOCUMENTS CONSIDERED TO BE RELEVANT 


j Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


Y 
Y 

Y,P 
Y,P 

! 

1 


Chem. abstr.. Vol 122, No.5, 30 January 1995 (Columbus. OH, 
USA), page!178, column 2, the abstract No. 55896, ARMISTEAD, 
'l-^-oxoacetyOpiperidine^-carboxylic Acid Derivatives as Multi- 
drug-resistant Cancer Cell Sensitizers.' WO 9407858, 1994. 

Chem. abstr., Vol.121, No.l, 4 July 1994 (Columbus. OH, USA), 
page 20, column 1, the abstract No. 224, HOLTi, 'Structure-activity 
Studies of Synthetic FKBP Ligands as Peptidyl-prolyl Isomerase 
Inhibitors.' Bioorg. Med. Chem. Lett, 1994, 4(2), 315-320. 

US 5,696,135 A (STEINER et al.) 09 December 1997, see abstract 
and claims. 

US 5,620,971 A (ARMISTEAD et al) 15 April 1997, see abstract 
and claims. 


1-55 

1-55 

1-55 
1-55 



Form PCTYISA/210 (continuation of second sheetXJuly 1992)* 



1* 



